One of the two branches of the a-linolenic acid metabolism pathway is catalyzed by 12-oxo-phytodienoic acid reductase I, and the other is involved in jasmonic acid (JA) synthesis. The former is known to be active in the response to salinity tolerance in wheat (Triticum aestivum), but the participation of the latter in this response has not been established as yet. Here, the salinity-responsive bread wheat gene TaAOC1, which encodes an allene oxide cyclase involved in the a-linolenic acid metabolism pathway, was constitutively expressed in both bread wheat and Arabidopsis (Arabidopsis thaliana). In both species, transgenic lines exhibited an enhanced level of tolerance to salinity. The transgenic plants accumulated a higher content of JA and developed shorter roots. Both the shortened roots and the salinity tolerance were abolished in a background lacking a functional AtMYC2, a key component of the JA and abscisic acid signaling pathway, but were still expressed in a background deficient with respect to abscisic acid synthesis. We provide the first evidence, to our knowledge, suggesting that JA is also involved in the plant salinity response and that the a-linolenic acid metabolism pathway has a regulatory role over this response.
High levels of soil salinity impose both osmotic stress and ion toxicity on plants, leading to cell damage and growth arrest. Exhaustive investigation of the Arabidopsis (Arabidopsis thaliana) response to salinity stress has uncovered a number of participating pathways, some dependent and others independent of abscisic acid (ABA; Zhu, 2001; Xiong and Zhu, 2002; Bartels and Sunkar, 2005) . Activation of the Salt Overly Sensitive (SOS) pathway helps to maintain ionic homeostasis, while both ABA-independent and -dependent signaling pathways regulate an array of genes (Zhu, 2002; Wang et al., 2003; Munns and Tester, 2008) . In addition to osmotic stress and ion toxicity, salinity also induces the production of reactive oxygen species (ROS), which damage lipid layers as a result of the production of oxylipins, the presence of which is a reliable indicator of membrane oxidation (Mittler, 2002; Miller et al., 2010) . Oxylipins also serve as signaling molecules, for example, controlling stomatal closure in an ABA-independent manner to enhance pathogen resistance (Farmer et al., 2003; Montillet et al., 2013) .
Among the lipids that can be peroxidized via the action of ROS, a-linolenic acid has attracted particular attention because it represents a substrate in the synthesis of the phytohormone jasmonic acid (JA; Hause et al., 2009; Acosta and Farmer, 2010; Wasternack and Hause, 2013) . The pathway begins with the peroxidization of a-linolenic acid by lipoxygenase, the product of which is then converted to 12,13(S)-epoxy-octadecatrienoic acid (12,13-EOT) by the enzyme allene oxide synthase (AOS). 12,13-EOT is then processed to 12-oxo-phytodienoic acid (OPDA) by the action of allene oxide cyclase (AOC), and OPDA is reduced by OPDA reductase (OPR; Creelman and Mullet, 1997; Mueller, 1997; Stenzel et al., 2003a; Schaller and Stintzi, 2009) . OPDA exists as four distinct isomers, namely cis-(+), cis-(-), trans(+), and trans(-); of these, cis-(+)-OPDA is predominant in most plants. OPR enzymes are present in two forms, OPRI and OPRII (Mueller, 1997; Beynon et al., 2009; Schaller and Stintzi, 2009) . OPRII reduces cis-(+)-OPDA to form 3-oxo-2-(29-[Z]-pentenyl)cyclopentane-1-octanoic acid, which is finally oxidized to produce JA (Schaller et al., 1998) . OPRI enzymes do not interact with cis-(+)-OPDA; however, they are known to interact with trans(+)-and cis-(-)-OPDA in vitro (Biesgen and Weiler, 1999) . The AOC-catalyzed enolization of 12,13-EOT is also responsible for the slow conversion of cis-to trans-OPDA. Hence, it is believed that in addition to its involvement in JA synthesis, the a-linolenic acid metabolism pathway also has an OPRIcatalyzed branch.
A growing body of evidence confirms that a-linolenic acid metabolism is responsive to abiotic stress (Lenka et al., 2011) . A global transcriptomic analysis of bread wheat (Triticum aestivum) has shown that the genes involved in a-linolenic acid metabolism are induced by salinity stress (Liu et al., 2012) . As applied similarly to genes encoding OPRI enzymes, these genes are characteristically up-regulated by pathogen invasion, wounding, and oxidative stress (Biesgen and Weiler, 1999; Agrawal et al., 2003) . When expressed heterologously in Arabidopsis, the product of the bread wheat OPRI gene TaOPR1 has been shown to enhance salinity tolerance by the up-regulation of AtMYC2, thereby triggering an ABA-dependent signaling pathway in a JA-independent manner (Dong et al., 2013) . Whether the JA synthesis branch of a-linolenic acid metabolism is also involved in the response to salinity stress remains to be resolved.
Here, we describe the isolation of the bread wheat AOC gene TaAOC1 (the first AOC gene to be isolated from wheat), which, when the plants are subjected to salinity stress, is more strongly transcribed in the salinity tolerant cv SR3 (derived from a somatic hybrid between cv JN177 and tall wheat grass; Xia et al., 2003; Xia, 2009) than in the parental cv JN177. We show that its constitutive expression in both wheat and Arabidopsis induces a JA-sufficient phenotype (Hause et al., 2009 ) and improved the plant salinity tolerance. The experiments demonstrate that the JA synthesis branch of the a-linolenic acid metabolism pathway enhances salinity tolerance, and the presence of AtMYC2 is required for this effect to be expressed.
RESULTS

TaAOC1 Was Induced in Wheat Seedlings Subjected to Stress or Exposed to Hormones
In wheat cv SR3 plants stressed with either NaCl or polyethylene glycerol (PEG), TaAOC1 transcript abundance rose by, respectively, about 15-and 8-fold, with the first signs of induction already detectable within 0.5 h of the imposition of the stress (Fig. 1, A and B) . The consequences of exposure to H 2 O 2 were similar, although less intense (Fig. 1C) . Because JA and ABA are both important for regulating the plant's response to abiotic stress, the effect on TaAOC1 transcription of exogenously supplied JA and ABA was then investigated. JA treatment up-regulated TaAOC1 transcription very early, with transcript abundance rising by more than 150-fold over time (Fig. 1D) . The effect of the ABA treatment was similar in its timing, although the extent of the induction was less (Fig. 1E) . TaAOC1 was also induced in 'JN177' wheat plants under these stresses and hormone treatment, although the induction was relatively lower than that in 'SR3' (Supplemental Fig. S1 ).
TaAOC1 Encodes a Putative Wheat AOC Enzyme
The cv SR3 copy of TaAOC1 was 720 bp in length, and its predicted product was a 239-residue protein carrying an allene oxide cyclase domain at its C terminus. A multialignment with 14 plant homologs showed that the most conserved region of the sequence was the enzyme's functional domain (Supplemental Fig. S2) . A phylogenetic analysis clustered the TaAOC1 product with its homologs in maize (Zea mays), rice (Oryza sativa), and barley (Hordeum vulgare), with the sequences from dicotyledonous species forming a distinct second clade (Fig. 1F ). An analysis of the spatial-temporal pattern of TaAOC1 transcription in cv SR3 plants demonstrated that the gene was ubiquitously transcribed, but that the level of transcript abundance was variable from organ to organ. The highest levels recorded obtained when the plant was in the booting stage, particularly in the root, but also in the stem, sheath, and ear. A substantial level of transcription was also detected in the awn and ear at anthesis (Supplemental Fig. S2 ).
The Constitutive Expression of TaAOC1 in Wheat Enhanced Salinity Tolerance Among the 44 transgenic constitutive expression lines generated, lines OVEREXPRESSION2 (OX2) and OX6 showed the highest level of TaAOC1 transcript (Fig. 2B) . The relative root growth of 10-d-old OX2, OX6, and 'JN17' seedlings exposed to salinity stress for 8 d was then compared. In the absence of the stress, OX2 and OX6 roots were shorter than those of 'JN17' (Fig. 2 , A and C), but in its presence, root growth in 'JN17' seedlings was more inhibited than in OX2 and OX6 seedlings (Fig. 2 , A and C). Because TaAOC1 encodes a putative AOC enzyme involved in JA synthesis, the JA levels in vivo were quantified in OX2, OX6, and 'JN17' seedlings. As shown in Figure 2D , wounding induced higher levels of JA accumulation in two transgenic lines with constitutive expression of TaAOC1. Moreover, superoxide dismutase (SOD) activity in OX2 and OX6 plants was about double the level detected in 'JN17' plants ( Fig. 2E ). (Fig. 3B) . Measuring the root growth of 4-d-old seedlings not exposed to stress showed that the vector control (VC) plants were more vigorous than either of the OE plants (Supplemental Fig. S3A ). However, in the presence of salinity stress, the root growth of VC plants was more noticeably suppressed than that of the OE plants (Supplemental Fig. S3 , B-D). In the presence of 100 mM NaCl, the length of the VC roots was 80% of those of nonstressed plants, whereas the equivalent for the OE roots was greater than 95%, and at 200 mM NaCl, the respective relative root growths were 40% and greater than 60% (Supplemental Fig. S3E ). At the adult stage (4-week-old plants), VC plants' rosette leaves showed severe chlorosis, while the OE leaves remained green (Fig. 3A) . Later in the experiment, almost all the VC plants died, but greater than 30% of the OE plants were still viable (Fig. 3C) .
The phenotype of these lines differed from that of the control line carrying only an empty vector. Root growth in 10-d-old OE plants was retarded compared with that in VC plants (Fig. 4, A and B) , resembling the shortened roots produced by Arabidopsis seedlings challenged with JA. When the endogenous level of JA was quantified in rosette leaves harvested from nonwounded 4-week-old OE and VC plants, there was little difference between the OE and VC plants. By contrast, in wounded leaves, the JA content rose more strongly in the two OE lines than in VC (Fig. 4C) . (Fig. 5) . In the presence of 100 mM mannitol, root growth in OE1 and OE2 plants was hardly affected (98% and 99%, respectively), whereas that of VC plants fell to 76% ( Fig. 5A; Supplemental  Fig. S4, A and B) . Under higher concentrations of mannitol, the differential performance of the OE and VC lines was even more pronounced ( Fig. 5A; Supplemental  Fig. S4 ). The effect of exposure to 1 mM H 2 O 2 was to only slightly reduce the relative root length of OE1 and OE2 plants (94% and 93%, respectively), while that of VC plants was reduced to 74% (Fig. 5B) ; the effect was greater when the stress level was doubled ( Fig. 5B; Supplemental  Fig. S5 ). The OE plants also expressed a higher level of SOD activity than VC plants (Fig. 5C ).
The Constitutive Heterologous Expression of TaAOC1 in Arabidopsis Up-Regulated the JA Pathway
The effect of constitutively expressing TaAOC1 in Arabidopsis on the transcription of genes in the JA pathway was investigated by monitoring the abundance of AOC2 (an Arabidopsis homolog of TaAOC1 that functions in JA synthesis), OPR3, which encodes a JA synthesis enzyme downstream of AOC, JASMONATE-ZIM-DOMAIN PROTEIN1 (JAZ1) and AtMYC2 (JA signaling genes), PLANT DEFENSIN1.2 (PDF1.2, a downstream gene in the JA signaling pathway), and RESPONSIVE TO DESSICATION22 (RD22, a droughtresponsive element containing an AtMYC2 binding site in its promoter) transcript. AOC2 transcript was more abundant in the OE lines than in VC (Fig. 6A) , as was also the case for the OPR3, JAZ1, AtMYC2, PDF1.2, and RD22 (Fig. 6, C-F) . The data were consistent with the JA-sufficient phenotypes and higher JA accumulation shown by the OE plants (Fig. 4) .
The Improved Salinity Tolerance of the OE Lines Relies on the Presence of AtMYC2, But Not of ABA2
The effect of the constitutive expression of TaAOC1 in the absence of AtMYC2 function was studied by introducing TaAOC1 into the atmyc2-2 mutant. The two selected transgenic lines showing a high level of constitutive TaAOC1 transcription (Fig. 7B) exhibited a similar response to salinity stress and plant survival rate as the nontransformed atmyc2-2 mutants (Fig. 7, A and  C) . Seedling root lengths were also comparable (Fig. 7,  D and E) . Thus, the JA-related phenotype and salinity tolerance conferred by the constitutive expression of TaAOC1 required the presence of a functional copy of AtMYC2. A similar experiment was based on the expression of TaAOC1 in a background deficient for ABA2 (Fig. 7G) , a gene involved in ABA synthesis. The survival rate of the transgenic plants was higher than that of the nontransformed aba2 mutant (Fig. 7, F and H) , and the former produced shorter roots than the latter (Fig. 7, I and J). Thus, the enhanced salinity tolerance conferred by the constitutive expression of TaAOC1 was unaffected by a deficiency in ABA synthesis capacity. We have shown that the constitutive expression of TaAOC1 enhanced the accumulation of JA and resulted in a JA-sufficient phenotype (Figs. 2 and 4) . JA synthesis is regulated by positive feedback, in a way that the genes encoding the enzymes involved in JA synthesis are JA inducible (Delker et al., 2006; Wasternack, 2007; Wasternack and Hause, 2013) . Consistent with this, we Figure 6 . The expression levels of AOC2 (A), OPR3 (B), JAZ1 (C), AtMYC2 (D), PDF1.2 (E), and RD22 (F) in 2-week-old VC and transgenic lines (OE1 and OE2) determined by qPCR using AtUBQ10 as the internal control. The expression levels in the VC line were set at 1.0. The columns marked with asterisks indicate significant differences from the VC line using Student's t test (P , 0.05). Error bars represent the SD from three biological replicates. Each replicate contained at least 30 plants.
were able to show that OPR3 was induced by the constitutive expression of TaAOC1 (Fig. 6B) . The OPR3 product is involved in the catalysis of the JA precursor cis-(+)-OPDA (Stintzi and Browse, 2000) . The Arabidopsis genome includes four AOC loci; as yet, the distinctness (if any) of their functions has not been fully defined, and no clear correlation has been established between their transcription and JA synthesis (Stenzel et al., 2003b (Stenzel et al., , 2012 . AOC2 is known to be inducible by the exogenous supply of JA (Ziegler et al., 2000; Stenzel et al., 2003b) and was induced by the constitutive expression of TaAOC1 (Fig. 6A) . Moreover, JA synthesis is dependent on substrate availability, and the process is highly tissue specific (Browse, 2009; Wasternack and Hause, 2013) . In Arabidopsis, the constitutive expression of AOS genes elevates JA levels in wounded but not in unwounded leaves (Laudert et al., 2000) , and the same result was obtained by the constitutive expression of TaAOC1 (Fig. 4C) . The roots of the TaAOC1 constitutive expression plants were significantly shorter than those of the control plants (Fig. 4, A and B) . Given the phenotype of the constitutive expression of TaAOC1 in both wheat and Arabidopsis with respect to JA, a reasonable hypothesis is therefore that the TaAOC1 plays a key role in JA synthesis.
The Elevation of JA Synthesis Branch Enhances Salinity Tolerance beyond Just Regulating Ionic Homeostasis
The constitutive expression of TaAOC1 enhanced the salinity tolerance of both wheat and Arabidopsis (Figs. 2 and 3; Supplemental Fig. S3 ), just as does the heterologous expression of either a mangrove (Bruguiera Figure 7 . The enhanced salinity tolerance and shortened seedling roots conferred by constitutively expressing the TaAOC1 relied on AtMYC2. A, Phenotypes of atmyc2, atmyc2;35S:TaAOC1#1, and atmyc2;35S:TaAOC1#2 plants at 0, 7, and 14 d after NaCl treatment. B, The expression levels of TaAOC1 relative to the internal control gene AtUBQ10 in atmyc2, atmyc2;35S: TaAOC1#1, and atmyc2;35S:TaAOC1#2 determined by qPCR. C, Survival rates of atmyc2, atmyc2;35S:TaAOC1#1, and atmyc2;35S:TaAOC1#2 plants at 14 d after NaCl treatment. D, Two-week-old atmyc2, atmyc2;35S:TaAOC1#1, and atmyc2;35S:TaAOC1#2 seedlings. Bar = 1 cm. E, Root length of 2-week-old atmyc2, atmyc2;35S:TaAOC1#1, and atmyc2;35S: TaAOC1#2 seedlings. F, Phenotypes of aba2, aba2;35S:TaAOC1#1, and aba2;35S:TaAOC1#2 at 0, 7, and 14 d after NaCl treatment. G, The expression levels of TaAOC1 relative to the internal control gene AtUBQ10 in aba2, aba2;35S:TaAOC1#1, and aba2;35S:TaAOC1#2 determined by qPCR. H, Survival rates of aba2, aba2;35S:TaAOC1#1, and aba2;35S:TaAOC1#2 plants at 14 d after NaCl treatment. I, Two-week-old aba2, aba2;35S:TaAOC1#1, and aba2;35S:TaAOC1#2 seedlings. Bar = 1 cm. J, Root length of 2-week-old aba2, aba2;35S:TaAOC1#1, and aba2;35S:TaAOC1#2 seedlings. Error bars in B, C, G, and H represent the SD from three biological replicates. Each replicate contained at least 30 plants. Error bars in E and J represent the SD from at least 30 plants. The columns marked with asterisks indicate significant differences from atmyc2 or aba2, respectively (P , 0.05). [See online article for color version of this figure.] sexangula) or a Camptotheca acuminate AOC in tobacco (Nicotiana tabacum) cells (Yamada et al., 2002; Pi et al., 2009) . It is also well established that exposure to JA can improve the salinity tolerance of a number of plant species (Walia et al., 2007; del Amor and CuadraCrespo, 2011; Ismail et al., 2012) . Hence, it is likely that JA does play a positive role in the salinity stress response. High levels of salinity induce both ionic and osmotic stress, as well as ROS-induced oxidative toxicity (Hasegawa et al., 2000; Munns and Tester, 2008) . The constitutive expression of TaAOC1 enhanced tolerance to both osmotic and oxidative stress (Fig. 5) , suggesting that the beneficial effect of JA is achieved via a systemic physiological alteration rather than merely by controlling ionic homeostasis. The neutralization of ROS has been proposed as a possible component of stress tolerance; if so, then a key enzyme ought to be SOD, which provides the first line of defense against the toxic effects of elevated levels of ROS (Mittler, 2002; Apel and Hirt, 2004; Mittler et al., 2004; Gill and Tuteja, 2010) . SOD activity was increased in both wheat and Arabidopsis plants constitutively expressing TaAOC1 (Figs. 2E and 5C), indicating that one of the roles that JA may play in salinity tolerance surrounds the regulation of ROS homeostasis.
The JA Synthesis Branch Confers Salinity Tolerance via a Different Route Than Used by the OPRI-Catalyzed Branch
In a previous study, the elevation of the OPRIcatalyzed branch, achieved by the constitutive expression of TaOPR1, enhanced salinity tolerance via promoting activity in an ABA-dependent pathway (Dong et al., 2013) . The contribution of TaOPR1 to the salinity tolerance of the ABA synthesis mutant aba2-2 was partially impaired, even though the higher transcript abundance of TaOPR1 had no effect on either JA content or the transcription level of JAZ1, known to be a key upstream component of the JA signaling pathway (Dong et al., 2013) . Here, TaAOC1 constitutive expression increased JA content (Figs. 2D and 4C ) as well as the transcript abundance of JAZ1 and the JA-responsive gene PDF1.2 (Fig. 6, C and E) , while in the ABA synthesis mutant aba2-1, TaAOC1 made similar contribution to salinity tolerance (Fig. 7, F and H) . Thus, unlike the situation with the OPRI-catalyzed branch, the JA synthesis branch achieved an improvement in salinity tolerance by promoting the JA pathway.
AtMYC2 is a key component of both the JA signaling pathway and the ABA-dependent abiotic stress responsive signaling pathway in Arabidopsis (Abe et al., 1997 (Abe et al., , 2003 Dombrecht et al., 2007) . The loss of AtMYC2 function impairs the level of sensitivity to both ABA and JA (Abe et al., 2003) . The constitutive expression of TaOPR1 up-regulated AtMYC2 and enhanced the plant's sensitivity to ABA (Dong et al., 2013) . Similarly, the constitutive expression of TaAOC1 also induced AtMYC2, while the loss of this gene in the atmyc2-2 mutant abolished the salinity tolerance promotive effect of TaAOC1 (Fig. 7, A and C) . Therefore, the two branches of the a-linolenic acid metabolism pathway regulate AtMYC2 via distinct pathways, both acting to enhance the level of salinity tolerance.
A working model of the a-linolenic acid metabolism pathway is outlined in Figure 8 . The network comprises both an OPRI-catalyzed and a JA synthesis branch in which 12,13-EOT provides a common substrate leading to the formation of different OPDA isomers through the action of distinct AOCs. The two branches do not interact with one another, although a slow conversion between cis-and trans-isomers does occur, because the OPDA pool is well buffered. The metabolic output of the OPRI-catalyzed branch is unknown, but it provides signaling molecules to stimulate ABA synthesis and thereby up-regulate the ABA-dependent abiotic stress responsive signaling pathway. The JA synthesis branch performs a similar role via JA signaling. Both routes regulate AtMYC2, which is suggested therefore to be the key component linking the ABA-and JA-mediated salinity response pathways. Our results provide the first experimental evidence, to our knowledge, for the existence of a JA-related pathway responsible for salinity tolerance. The linkage between the a-linolenic acid metabolism pathway and the response to abiotic stress means that genetic manipulation directed at either (or both) branches could be beneficial in the area of breeding for improved salinity tolerance in crops. 
MATERIALS AND METHODS
Wheat Growing Conditions and Abiotic Stress Treatments
'SR3' plants were grown at 22°C in one-half-strength Hoagland's liquid medium under a 16-h photoperiod. Gene transcription assays were derived from seedlings at the three-leaf stage, following the addition to the medium of 200 mM NaCl, 20% (w/v) PEG 6000, 10 mM H 2 O 2 , 100 mM JA, or 100 mM ABA. After a 48-h exposure to each of the stress agents, RNA was extracted from root tissue and processed for quantitative reverse transcription-PCR (qPCR). The phenotypic effects of salinity stress were noted at 4 d after adding 50 mM NaCl in 4 consecutive days (Dong et al., 2013) .
qPCR
RNA extracted with the TRIzol reagent (Invitrogen) represented the template for complementary DNA (cDNA) synthesis using SuperScript II reverse transcriptase (Invitrogen; conducted following the manufacturer's protocols). Three biological replicates were run for each qPCR, and the reactions were based on FastStart Universal SYBR Green Master (Roche) run in an iCycler thermal cycler machine (Bio-Rad). The reference sequences comprised segments of the wheat (Triticum aestivum) actin (AB181991) or the Arabidopsis (Arabidopsis thaliana) tubulin (At1g04820) genes (Livak and Schmittgen, 2001 ). The relevant primers are listed in Supplemental Table S1 .
TaAOC1 Isolation and Plant Transformation
The sequence of the TaAOC1 fragment identified in a previous microarray experiment (Liu et al., 2012 ) was used as a search query against a database of wheat expressed sequence tags (http://www.ncbi.nlm.nih.gov/nucest/? term=wheat). Matching expressed sequence tags, assembled using CAP3 software, were used to design a pair of specific primers (59-CCA AGC TTC AAG AAT ATC ATC ATC CGC T and 59-CGG GAT CCA CCG ACA TTC ATT CAA CAC CA) able to amplify the full TaAOC1 cDNA sequence from a cv SR3 cDNA library (Xia et al., 2003; Xia, 2009 ). The resulting coding sequence was ligated into the pGA3626 vector (which includes the maize [Zea mays] ubiquitin promoter to drive expression of the transgene) and then transformed into cv JN17 using the shoot apical meristem method . Transgenic Arabidopsis plants were produced by inserting the TaAOC1 coding sequence into the pSTART vector, which was then transformed into ecotype Columbia, as well as into the mutant atmyc2-2 (SALK_083483) and aba2-1. Transformants were selected as described previously (Zhao et al., 2012) , and homozygous T 3 offspring were used in the subsequent experiments.
Phenotypic Response of Transgenic and Nontransgenic Arabidopsis to Abiotic Stress
Transgenic and nontransgenic seed was surface sterilized by immersion in 0.1% (w/v) mercuric chloride and then planted on Murashige and Skoog (MS) solid medium. The plates were kept at 4°C in the dark for 3 d and then moved to a 16-h photoperiod (light intensity, 200 mM m -2 s -1 ) at 22°C and 70% relative humidity. Four-day-old seedlings were planted on MS solid medium containing 0, 100, 200, or 300 mM mannitol, 0, 100, 150, or 200 mM NaCl, or 0, 1, or 2 mM H 2 O 2 for 10 d. For NaCl treatment, 50 mM NaCl was added to 4-weekold Arabidopsis plants in 4 d until it reached a final concentration of 200 mM. The plants were incubated for another 2 weeks and used for a survival test (Ren et al., 2010) .
Quantification of JA and SOD Activity
The leaves from 2-week-old wheat seedlings and rosette leaves from 4-week-old Arabidopsis plants were wounded using a sterile pair of scissors, as previously described (Li et al., 2006) . After 1 h, wounded and unwounded leaves were harvested and their JA content measured via liquid chromatographytandem mass spectrometry, as described by Dong et al. (2013) . SOD activity was assessed in wheat seedlings at the three-leaf stage and in 2-week-old Arabidopsis seedlings, following methods described previously (Sequeira and Mineo, 1966) .
Sequence data from this article can be found in the GenBank/EMBL data libraries under accession number KF573524 (TaAOC1).
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